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Abstract
Stripe rust is a serious foliar disease posing a grave threat to wheat production worldwide.  The most economical and 
environmentally friendly way to control this disease is to breed and deploy resistant cultivars.  Zhongmai 175 is an elite 
winter wheat cultivar conferring resistance to a broad spectrum of Puccinia striiformis f. sp. tritici (Pst) races.  To identify the 
resistance gene in the cultivar, genetic analysis was conducted using the parents, F1, F2 and F2:3 populations derived from 
the cross of Lunxuan 987/Zhongmai 175.  Segregations in the F2 and F2:3 populations indicated a single dominant gene 
conferring resistance to stripe rust in Zhongmai 175, temporarily designated YrZM175.  Bulked segregant analysis (BSA) 
with wheat iSelect 90K SNP array determined a preliminary location of YrZM175.  Subsequently, YrZM175 was mapped 
on chromosome 2AS using simple sequence repeats (SSR), expressed sequence tags (EST) and newly-developed kom-
petitive allele specific PCR (KASP) markers, being flanked by Xgwm636 and Xwmc382 at genetic distances of 4.9 and 
8.1 cM, respectively.  Comparison of reaction patterns of YrZM175 on 23 Pst races or isolates and pedigree analysis with 
other genes on chromosome 2AS suggested that it is likely to be a new gene for resistance to stripe rust.  The resistance 
gene and linked molecular markers will be useful in wheat breeding targeting for the improvement of stripe rust resistance.
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many various pathogens, and stripe rust caused by Puccinia 
striiformis f. sp. tritici (Pst) is one of the most devastating 
fungal diseases worldwide (Stubbs 1985; Wellings 2011).  It 
usually occurs in cool and temperate wheat-growing areas 
and causes tremendous yield loss during outbreaks (Chen 
2005, 2014).  Among Chinese Pst races, CYR29 has been 
prevalent since the 1990s, resulting in large damage to 
wheat production (Yuan 1988; Li and Niu 2006).  Especially 
in Yunnan Province, China, its frequency reached up to 50% 
(Li et al. 2013; Liu et al. 2013a, b).  Cultural practice and 
chemical agents have been taken to reduce the damage; 
however, this causes more expenses or environment pol-
lution and acquisition of fungicide tolerance by pathogens 
(Chen 2005; Chen et al. 2013).  Therefore, use of resistant 
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1. Introduction
Wheat (Triticum aestivum L.) production is threatened by 
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cultivars is considered the most economical and environ-
mentally friendly strategy to control the disease (Line 2002).
To date, 70 formally designated stripe rust resistance 
(Yr) genes or alleles (Yr1-Yr67) at 66 loci have been docu-
mented in bread wheat or related species, and these were 
located on all chromosomes except 1A and 3A (Basnet et al. 
2013; Chen 2013; Rosewarne et al. 2013; Xu et al. 2013; 
Cheng et al. 2014; Lu et al. 2014; McIntosh et al. 2014; 
Zhou et al. 2014a, b).  In addition, around 150 quantitative 
trait loci (QTL) for adult-plant resistance to stripe rust have 
been reported (McIntosh et al. 2014).  To achieve durable 
resistance in wheat cultivar, pyramiding major genes and 
QTL in one line is preferred by breeders and pathologists.
During the past decades, many Yr genes have been 
mapped with various molecular markers, viz., restriction 
fragment length polymorphism (RFLP), amplified fragment 
length polymorphism (AFLP), random amplified polymorphic 
DNA (RAPD), resistance gene analog (RGA), sequence 
tagged site (STS), expressed sequence tags (EST), simple 
sequence repeats (SSR), cleaved amplified polymorphic 
sequence (CAPS), diversity array technology (DArT), se-
quenced characterized amplified region (SCAR), and single 
nucleotide polymorphism (SNP).  The high-density wheat 
SSR maps greatly facilitated mapping of Yr genes to specific 
chromosomes or chromosome regions in wheat; however, 
it is time consuming and not convenient for identification of 
candidate genes.  Currently, SNP arrays have been used 
more and more in gene mapping and genome-wide associ-
ation study (Li et al. 2014; Jighly et al. 2015; Lu et al. 2015; 
Naruoka et al. 2015; Wei et al. 2015).  A high throughput 
SNP genotyping pipeline known as the Golden Gate assay 
was used to perform bulked segregant analysis (BSA) and 
the candidate region was found for an efficient mapping of 
a dominant resistance locus Rpp3 to soybean rust (Hyten 
et al. 2009).  In wheat, high-throughput genotyping platforms 
were established with wheat 9K SNP and 90K SNP arrays 
(Cavanagh et al. 2013; Wang et al. 2014).  Illumina custom 
9K Beadchip was utilized in fine mapping of a novel leaf rust 
resistance gene RphMBR1012 and barley yellow dwarf virus 
tolerance (BYDV) introgressed from Hordeum bulbosum, 
providing the tools for efficient deployment in barley breeding 
(Dragan et al. 2012).  Through genome-wide association 
study with high-density Illumina iSelect 90K SNP assay, 
loci for grain yield and yield components were identified on 
chromosomes 5A and 6A in spring wheat (Sivakumar et al. 
2015).  SNP arrays have great contribution to identifying 
many SNP markers closely linked with agronomic traits, 
but they are not economical to genotype individuals for a 
large temporary segregating population like F2 plants.  To 
address this problem, competitive allele specific PCR is 
evolving a global benchmark technology to perform SNP 
genotyping with bioscience kompetitive allele specific PCR 
(KASP) assay (Semagn et al. 2014).  KASP has been 
applied over many years to drive research targeting the 
genetic improvement of animals (Robinson and Ganske 
2012) and field crops (Ribaut et al. 2010; Delannay et al. 
2012; Semagn et al. 2014).  In particular, this approach was 
adopted in linkage mapping of soil-borne wheat mosaic virus 
(SBWMV) gene (Liu et al. 2014) and possibly improved 
marker-assisted selection in breeding.
To search for wheat germplasm with stripe rust resis-
tance, we identified several Chinese elite wheat cultivars 
with high resistance to Chinese Pst races under controlled 
greenhouse condition and natural field infection.  The elite 
winter wheat cultivar Zhongmai 175 (Pedigree: BPM27/
Jing 411) developed by Institute of Crop Sciences, Chinese 
Academy of Agricultural Sciences (CAAS), registered at the 
national level and released in 2008, is currently widely grown 
in Beijing, Shanxi, Shaanxi, Hebei, Gansu, and Qinghai.  It 
is highly resistant to almost all Chinese prevalent Pst races 
except CYR31 and Su-1 in greenhouse and field nurseries. 
The objectives of this study were to characterize and map 
the stripe rust resistance gene in Zhongmai 175, and identify 
closely linked markers for wheat breeding. 
2. Materials and methods
2.1.  Plant materials
The resistant parent Zhongmai 175 was crossed with 
Lunxuan 987, a highly susceptible wheat cultivar to CYR29. 
The parents, F1, F2 and F2:3 populations derived from the 
cross of Lunxuan 987/Zhongmai 175 were challenged with 
CYR29 at the seedling stage in greenhouse.  A total of 344 
F2 plants and 147 F2:3 lines were used for genetic analysis. 
Mingxian 169 was used as control.  Chinese Spring (CS), CS 
nulli-tetrasomic lines (N2AT2D, N2BT2D and N2DT2A), and 
ditelosomic line Dt2AS, kindly provided by Prof. McIntosh R 
A at Plant Breeding Institute, University of Sydney, were used 
to confirm the chromosome locations of molecular markers.
Twenty-three Pst races or isolates (Table 1) were used to 
compare the reactions of Zhongmai 175 and VPM1 with Yr17 
to determine whether the resistance gene in Zhongmai 175 
was different from the formally catalogued genes on chro-
mosome 2AS.
2.2. Seedling tests
Seedling tests were performed in greenhouse under con-
trolled humidity, temperature and illumination conditions. 
The parents, F1, F2 and F2:3 populations were planted in 
9 cm×9 cm×9 cm plastic pots.  Fifteen seeds of F2 popu-
lation were grown in each pot with three seeds of suscep-
tible cultivar Mingxian 169 as control; about 15 seeds of 
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each F2:3 line were planted in each pot for seedling test. 
Seedlings were inoculated with CYR29 by brushing fresh 
urediniospores from sporulating Mingxian 169 leaves to 
the first fully expanded leaves.  After inoculation, the seed-
lings were placed in a dark chamber at 9–11°C and 100% 
relative humidity (RH) for 24 h, and then transferred to the 
greenhouse maintained with 16 h light (22 000 Lux)/8 h dark 
at 13–17°C and 70% RH.  Infection types (IT) were scored 
twice at 15 and 18 d after inoculation when the susceptible 
control Mingxian 169 was fully infected.  IT on individual 
plants were recorded on a 0–4 scale (Bariana and McIntosh 
1993), with 0 for no visible uredia, 0; for necrotic or chlorotic 
flecks without sporulation, 1 for small uredia with necrosis, 
2 for small to medium uredia with necrosis and chlorosis, 
3 for medium-sized uredia with chlorosis, and 4 for large 
uredia without chlorosis, and adding + or – represents 
heavier or lighter infection, respectively, in comparison to 
the standard scores mentioned above.  Plants with IT 0 to 
2 were classified as resistant and those with IT 3 to 4 as 
susceptible.  Reactions of Zhongmai 175 and VPM1 on 
23 races or isolates for resistance spectrum analysis were 
carried out in the Institute of Plant Protection, Chinese 
Academy of Agricultural Sciences.
2.3. DNA extraction and genotyping
After stripe rust scoring, young leaves of parents and 
F2 plants were harvested for DNA extraction using cet-
yltrimethyl ammonium bromide (CTAB) method (Murray 
and Thompson 1980).  The same amount of DNA from 10 
highly resistant (IT=0;) and 10 highly susceptible (IT=4) F2 
plants were mixed to form resistant and susceptible bulks, 
respectively.  Two bulks were sent to Beijing Capital Bio 
Corporation (Beijing, China, http://www.capitalbiotech.
com/) for wheat iSelect 90K SNP assay as described by 
Wang et al. (2014).
Two parents and two bulks were used to screen published 
SSR, EST markers available online at GrainGenes2.0 web-
site (http://wheat.pw.usda.gov) and newly-developed KASP 
markers on chromosome 2A.  The resulting polymorphic 
markers were used to genotype F2 population for mapping 
the stripe rust resistance gene.  In addition, the gene-spe-
cific marker URIC/LN2 and restriction enzyme DpnII were 
included to determine the relationship between Yr17 and the 
stripe rust resistance gene identified in the present research.
Polymerase chain reaction (PCR) for SSR and EST mark-
ers was performed with the reaction mix (15 μL), containing 
1.5 μL (50–100 ng μL–1) of template DNA, 1 μL (5 μmol L–1) 
of each primer, 4 μL of ddH2O, and 7.5 μL of 2× Taq PCR 
Mix (Beijing Huitian East Technology Co., LTD, Cat: HT201). 
PCR was programmed at 94°C for 5 min, followed by 35 
cycles of 94°C for 30 s, 50–64°C (depending on primers) 
for 30 s and 72°C for 1 min, and a final extension at 72°C 
for 10 min.  The 1.5 μL of denaturing agent was added to 
15 μL of PCR products and then denatured at 95°C for 
10 min.  Finally PCR products were separated on 6% de-
naturing polyacrylamide gel and bands were visualized by 
silver staining.  PCR procedure for URIC/LN2 was processed 
following Helguera et al. (2003).
5 μL reaction of KASP assay includes 2.2 μL of genomic 
DNA (~15 ng μL–1), 0.056 μL of assay primer mix, 2.5 μL 
of 2× Master Mix (LGC Genomic Company, Lot No. 
10371613), 0.08 μL of MgCl2 and 0.164 μL of ddH2O.  PCR 
was performed by Bio-RAD S1000TM Thermal Cycler PCR 
System (Bio-Rad Biotechnology, USA) and fluorescent 
endpoint readings were carried out by Synergy H1MF mi-
croplate reader (BioTek Instruments, Inc, USA) following 
the manufacturer’s manual.  PCR was performed at 95°C 
for 15 min, followed by 10 cycles of 95°C for 20 s, 65°C 
(with decreasing at 1°C per cycle) for 20 s, further followed 
by 30 cycles of 95°C for 10 s, 57°C for 1 min (He et al. 
Table 1  Seedling infection types of Zhongmai 175, VPM1 and 
Mingxian 169 to 23 Pst races or isolates tested under controlled 
greenhouse condition
Pst races 
or isolates Origin
1) Zhongmai 175
(with YrZM175)2)
VPM1
(with Yr17) Mingxian 169
3)
CYR27 China 2 4 4
CYR29 China 0; 4 4
CYR31 China 3 3 4
CYR32 China 0; 3 4
CYR33 China 0; 4 4
Su-1 China 3 4 4
Su-2 China 0; 4 4
Su-3 China 0; 4 4
Su-4 China 0; 3 4
Su-7 China 0; 4 4
Su-14 China 0; 4 4
Su-35 China 0;+ 4 4
V26 China 0; 4 4
72107 – 3 3 4
74187 Ecuador 0; 2 4
76088 Afghanistan 0; 0 4
80551 Netherlands 3 4 4
82061 Chile 2 4 4
82517 France 3 4 4
85019 Chile 0; 1 4
86036 Bolivia 3 4 4
86094 Kenya 4 0;+ 4
86107 Ethiopia 0;+ 0; 4
1) –, unknown or missing.
2) Seedling infection type (IT) described by Bariana and McIntosh 
(1993).  0, no visible uredia; 0;, necrotic or chlorotic flecks 
without sporulation; 1, small uredia with necrosis; 2, small to 
medium uredia with necrosis and chlorosis; 3, medium-sized 
uredia with chlorosis; 4, large uredia without chlorosis.  + or –
represents heavier or lighter infection.  Plants with 0 to 2 were 
classified as resistant and those with 3 to 4 as susceptible.  The 
same as below.
3) Mingxian 169 was used as a susceptible control.
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2014).  The fluorescent reading data were analyzed by 
KlusterCaller software ver. 2.24.0.11 (http://kbioscience.
co.uk).  If clear genotyping data are not obtained, the plate 
should be thermally cycled for 3 more cycles of 94°C for 
20 s, 57°C for 1 min and read again.  Further cycling and 
reading can be performed as required until tight genotyping 
clusters are attained.
2.4. Development of KASP markers 
Sequences harboring SNPs on chromosome 2A that were 
polymorphic between two bulks were used as queries to 
search on International Wheat Genome Sequencing Con-
sortium (http://wheat-urgi.versailles.inra.fr/Seq-Repository) 
using BLAST.  A significant match with the highest score 
was chosen to develop KASP marker.  The KASP marker 
for each SNP includes three primer sequences, viz., two 
forward sequences (labelled with FAM and HEX adapter 
sequence, respectively) and one common reverse sequence 
without labelling.  The SNP base was usually set at 3´ end 
of forward primer and the amplified fragment should be 
60–120 bp.  The 3´ end of adapter sequence listed below 
was directly added to 5´ end of forward primers: FAM 
5´-GAAGGTGACCAAGTTCATGCT-3´, HEX 5´-GAAGGTC 
GGAGTCAACGGATT-3´.  Primer sequences used in this 
study were listed in Table 2.
2.5. Data analysis
Illumina’s Genome Studio Polyploid Clustering ver. 1.0 
software was used to perform SNP clustering and genotyp-
ing calling (http://www.illumina.com).  SNP markers were 
removed from the dataset if call rate was less than 85% or 
minor allele frequency was below 5%.  The data output from 
the fluorescent plate reader was analyzed with the software 
KlusterCaller ver. 2.24.0.11 (http://kbioscience.co.uk).  Chi- 
square tests were conducted to determine goodness-of-fit 
of observed to expected segregation ratios in the F2 and F2:3 
populations using SAS9.2 (SAS Institute, Cary, NC, USA).
The phenotypic and genotypic data of all susceptible F2 
plants were used for linkage map construction.  Linkage 
analysis was performed by software MAPMAKER/EXP 3.0b, 
with an LOD threshold of 3.0 (Lincoln et al. 1993), and ge-
netic distances were calculated using the Kosambi mapping 
function (Kosambi 1943).  The linkage map was graphically 
visualized with MapDraw ver. 2.1 (Liu and Meng 2003).
3. Results
3.1. Inheritance of stripe rust resistance in Zhongmai 175
Zhongmai 175 exhibited a high level of resistance (IT=0;) 
to CYR29 (Table 3), whereas Lunxuan 987 was highly sus-
ceptible (IT=4).  F1 plants displayed similar resistance as the 
resistant parent Zhongmai 175, suggesting the resistance 
gene in Zhongmai 175 was dominant.  Of the 344 F2 plants, 
252 were resistant (IT=0–2) and 92 susceptible (IT=3–4), 
fitting a ratio of 3:1 (χ2=0.56, P1df=0.46).  Among the 147 
F2:3 lines, 29 were homozygous resistant, 78 were segre-
gating, and 40 were homozygous susceptible, conforming 
Table 2  Primer sequences of kompetitive allele-specific polymerase (KASP) markers developed from two SNPs, GENE-0977_215 
and GENE-1086_1111
SNP name Marker Sequence
GENE-0977_215 Kasp2A-3 FAM_primer: GAAGGTGACCAAGTTCATGCTGTATTTTCCTCATGGAACTT
HEX_primer: GAAGGTCGGAGTCAACGGATTGTATTTTCCTCATGGAACTC
Common reverse primer: TAGGGTAGTAGAAAAACATGACAT                          
GENE-1086_1111 Kasp2A-4 FAM_primer: GAAGGTGACCAAGTTCATGCTTCCAAGTTGATAAGTACCAA
HEX_primer: GAAGGTCGGAGTCAACGGATTTCCAAGTTGATAAGTACCAC
Common reverse primer: TGGTTTTTCTTACTAATTTTGTATG
Table 3  Genetic analysis of stripe rust resistance to the Pst race CYR29 in parents, F1, F2 and F2:3 populations derived from the 
cross of Lunxuan 987/Zhongmai 175
Plant material1)
Infection type
Total Expected ratio χ2 P
0 0; 1 2 3 4
Zhongmai 175 10 10
Lunxuan 987 10 10
F1 10 10
F2 15 64 88 85 69 23 344 3:1 0.56 0.46
F2:3 147 1:2:1 2.20 0.33
RR 29
Rr 78
rr 40
1) F2:3 lines were divided into three classes: RR, Rr and rr.  RR, homozygous resistant; Rr, segregating; rr, homozygous susceptible.
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to a 1:2:1 ratio (χ2=2.20, P2df=0.33).  These demonstrated 
that the stripe rust resistance in Zhongmai 175 was con-
ferred by a single dominant gene, temporarily designated 
YrZM175.
3.2. Molecular mapping of the stripe rust resistance 
gene YrZM175
When two contrasting DNA bulks were genotyped with 
the wheat iSelect 90K SNP array, 823 SNPs showed 
polymorphisms.  Of them, 99 SNP markers were assigned 
on chromosome 2A and 133 on 6B, with 12.0 and 16.2%, 
respectively, while the rest were distributed on the other 19 
chromosomes with much lower frequency.  This suggested 
that YrZM175 was likely to be located on chromosome 2A 
or 6B.  Subsequent testing with SSR and EST markers on 
chromosome 6B, none showed consistent polymorphism 
between both parents and between contrasting bulks.  Thus 
we assumed that YrZM175 was most likely to be located 
on chromosome 2A.  Several representative SNP markers 
from chromosome 2A showing polymorphic between par-
ents and between bulks were selected to develop KASP 
markers, confirming that the SNPs were associated with 
YrZM175.  In testing a small portion of F2 plants, Kasp2A-3 
derived from GENE-0977_215 and Kasp2A-4 derived from 
GENE-1086_1111 were linked with YrZM175.  Meanwhile, 
we screened all the published SSR and EST markers dis-
tributed on chromosome 2A.  Fifty-eight markers displayed 
polymorphism between Zhongmai 175 and Lunxuan 987, 
and six of them (Xbarc124, Xwmc407, Xgwm636, Xwmc382, 
Xwmc388, BE404841) were polymorphic between two 
contrasting DNA bulks (Appendix A), indicating that they 
were linked with the stripe rust resistance gene YrZM175. 
Analyses of F2 population using the polymorphic markers 
(Appendix B) indicated that they were linked to YrZM175, 
which was flanked by Xgwm636 and Xwmc382 at genetic 
distances of 4.9 and 8.1 cM, respectively (Fig. 1). 
3.3. Chromosomal localization of YrZM175
The KASP markers Kasp2A-3 and Kasp2A-4 were orig-
inated from IWGSC_Chr2AS_ab_k71_contigs_longert-
han_200_5295061 and IWGSC_ Chr2AS_ab_k71_con-
tigs_longerthan_200_5235512, respectively; they were 
located on chromosome 2A based on International Wheat 
Genome Sequencing Consortium (http://wheat-urgi.ver-
sailles.inra.fr/Seq-Repository).  In addition, other linked 
SSR and EST markers were found on chromosome 2A 
from GrainGenes2.0 website (http://wheat.pw.usda.gov) 
and the locations were verified using Chinese Spring (CS), 
nulli-tetrasomic lines (N2AT2D, N2BT2D, N2DT2A) and dite-
losomic line Dt2AS.  These results indicated that YrZM175 
was located on wheat chromosome 2AS.
3.4. Relationship between Yr17 and YrZM175 
The gene-specific marker URIC/LN2 for Yr17 (Helguera 
et al. 2003) was used to test two parents.  A homozygous 
285 bp fragment (N-allele) was amplified in the resistant 
parent Zhongmai 175, indicating the presence of Yr17, 
whereas a 275-bp PCR product (A-allele) was detected in 
the susceptible parent Lunxuan 987, which can be digested 
into two fragments (166 and 109 bp) by restriction enzyme 
DpnII, indicating the absence of Yr17.  Among 92 suscep-
tible F2 plants tested, 9 showed the homozygous N-allele 
with Yr17, 42 had the heterozygous N/A genotype and 41 
carried the homozygous A-allele.  Based on single marker 
analysis, Yr17 was linked to YrZM175, at a genetic distance 
of 39.0 cM (Fig. 1).
In addition, YrZM175 and Yr17 showed different reaction 
patterns on 23 Pst races or isolates (Table 1).  Zhongmai 175 
with YrZM175 was nearly immune to moderately resistant to 
all Chinese Pst races or isolates except CYR31 and Su-1, 
whereas VPM1 with Yr17 performed susceptible to all Chi-
16.6
cM
12.3
3.6
1.8
5.4
8.1
4.9
12.4
18.2
2AS
Yr17
Kasp2A-4
Kasp2A-3
Xbarc124
Xwmc407
Xwmc382
Xwmc388
YrZM175
Xgwm636
BE404841
Fig. 1  Linkage map of seedling stripe rust resistance gene 
YrZM175.  Loci names and corresponding locations on the 
genetic map are indicated on the right; Kosambi distances (cM) 
are shown on the left. 
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nese Pst races or isolates.  Both cultivars have different 
reactions to two isolates, 82061 and 86094, from foreign 
countries.  The resistance spectrum of Zhongmai 175 
was broader than VPM1, also indicating that YrZM175 is 
different from Yr17 (Table 1). 
4. Discussion
 
4.1. Origin of YrZM175
Zhongmai 175 was derived from the cross of BPM27/ 
Jing 411 (Chen et al. 2009a).  Phenotypic analysis indicated 
that Zhongmai 175 had a high level of resistance to CYR29 
at both seedling and adult-plant stages, whereas Jing 411 
and Lunxuan 987 were highly susceptible at all stages.  Pre-
viously, Chen et al. (2009b) reported that BPM27 conferred 
excellent resistance to stripe rust and powdery mildew and 
was used as donor to improve disease resistance in wheat 
breeding.  This illustrated that the stripe rust resistance gene 
YrZM175 probably came from BPM27.
4.2. Comparison of YrZM175 with other Yr genes on 
chromosome 2AS
Previously, three stripe rust resistance genes were mapped 
on wheat chromosome 2AS, viz., Yr17, YrR61 and Yr56. 
YrR61 originated from American soft red wheat Pio-
neer26R61 (Hao et al. 2011) and Yr56 from durum wheat 
Wollaroi (McIntosh et al. 2014) conferred resistance at 
adult-plant stage but susceptible at seedling stage, where-
asYrZM175 is a seedling resistance gene, indicating that it 
was different from YrR61 and Yr56.
VPM1 with Yr17 from Aegilops ventricosa displayed 
seedling resistance (Bariana and McIntosh 1993; Helguera 
et al. 2003).  Zhongmai 175 also possessed Yr17 based on 
the gene-specific marker analysis.  However, Zhongmai 175 
and VPM1 showed different reactions on 23 Pst races or 
isolates (Table 1), and a genetic distance of 39.0 cM was 
detected between YrZM175 and Yr17 (Fig. 1).  Hence, 
YrZM175 is different from other stripe rust resistance genes 
on chromosome 2AS, and it is likely to be a new Yr gene. 
4.3. Mapping resistance genes using SNP array and 
KASP technology 
Identification and use of resistance genes is the most effec-
tive way to control stripe rust in wheat.  In the past decades, 
a large number of SSR markers evenly distributed on all 
wheat chromosomes were used to screen polymorphic 
markers associated with targeting genes by BSA and con-
firm chromosome location of genes.  However, it was time 
consuming and laborious in screening polymorphic markers. 
In the present study, using wheat iSelect 90K SNP array in 
combination with BSA approach, we quickly found the spe-
cific chromosomes associated with the targeting gene and 
obtained polymorphic SNP markers between contrasting 
bulks.  Polymorphic SNP markers on the specific chromo-
somes can be converted to KASP markers to genotype F2 
population.  Simultaneously, the published SSR and EST 
markers on the targeting chromosomes were used to screen 
markers linked with YrZM175.  From the wheat iSelect 90K 
SNP array data, the polymorphic SNP markers were most 
frequently assigned to chromosome 6B.  However, none of 
SSR markers on 6B was associated with YrZM175 through 
BSA.  The polymorphic SNP markers were secondarily most 
distributed on chromosome 2A and two KASP markers de-
veloped were verified to be associated with YrZM175.  Also, 
other six SSR or EST markers on this chromosome showed 
linkage with YrZM175 through BSA and subsequent linkage 
analysis.  In the wheat 90K SNP array, there are many gaps 
for the linkage mapping and QTL analysis (Wei et al. 2015). 
Fortunately, the wheat 660K SNP array is available.  It will be 
easier to find the chromosome locations of resistance genes 
using SNP array and BSA approach.  Moreover, KASP 
technique can improve efficiency of genotyping individuals 
with KASP markers. 
5. Conclusion
We identified a novel stripe rust resistance gene on chromo-
some 2AS in Chinese winter wheat cultivar Zhongmai 175, 
temporarily designated YrZM175.  The combined use of 
BSA and wheat SNP array is an efficient approach to identify 
resistance genes in common wheat. 
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